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BRIEF ON APPEAL, 

! i i ' i \ ! s Nt Paies 

and Tr&dei u \ Oi ce « March 9, 2007. and in Rt « 

.set 'forth in the Office Action mailed on September 11, 2006, 1 he fee fcn filing a I ? ei in support 
of an appeal is enclosed herewith, 

I. REAL PARTY4N4NTKREST 

Fhe real parh iterest i Wi! an Marsh iice I liversits the assig c > he entire 
v. v. ^ jpiication 

II. KKl.U'KI) XHPI-ALS \M) INTER IP-RENCES 

"ax a". ct .p-eal <« haJu 'k - $ >% • * o, » v legal 

t th affect oi be earn > 

OI. STATUS W CLAIMS 

Claims 84-85, 91-92. and 94-95 are pending in the Application. 
Claims 84-85, 91-92, and 94-95 stand rejected. 
Claims 34-85 1-92, a a 95 are being appealed. 
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IV. < H>\Ji M> 

I tc*e \%e i c k n 1 ik Ctdi i- < v >e^ ' , i v 1 * Hu 

V. SUMMARY OF THE INVENTION 

The elah idhod for end-d i c x>n n es. A brieJ 

expian m of \ t ail <: j ui tabes is iver in. ihe Ap 5. \u 
through page 27, line i 

hihohir earo c v les u» he c ! k lo d < ^ ^ <-} < <a be 

made either open or dosed with a hemi-fulleteae dome). Application, at. 34, 11 1143, 

^ 1 MS ' s i ! v S ! \ ! i > , 1 

or both ends of the tubes by short exposure to oxidizing conditions (e.g., with nitric acid or 

0 CO > Mt icu < }\ Ks HI t U 

ends s i ix c h zed us n rc s ternes fca the reactive sites eg tene 

sheet edge s d I x shown oj ion o 

<age 23 tf _ 1 tie ? ? ? 16, 

\ceoxii ic of the is dej ! kl i cl i s i i s 

<■ ^ d K H 'OCv VMPl 

< u 1 sides a l v x t s s xUaie eUhs xxh 1 is M tposnon 

01 the Mrgle waiu > > uu otuhe-. 

\ccord otlx s in ep< uk \ res, Qai i, the mt od foi end- 

u> > as s carbon > <} - ; j claimed n\x ! oi "i a method for 

iiodiich \ d c ub >n i s s providing a 

n!i»r w Kt> <•> p i v ^ a lanotubes, wherein the carbon nanotubes comprise at least about 
100 carbon atoms; and b) reacting the single-wall carbon nanotubes with & compound that 
provides at least one subslitucnt on at least one of the ends of at least a portion of the single-wall. 
!,oo a , ax n Xx i s ! 1 1 nap t 1 i u >\ e 

37, Hne 16. 
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VI- <;ROi NIKS OF RUF( HON I O BK RF \ JEW hi) ON AI'PEaL 

A, C a, - ■ ,^ t ub" Ki' under 35 V S C § 112. f 1 . a,\ failing to compls v> ith 

Mo ,CP f'U 

B. Claims 84-85 9 « c < 4 1 5 ul i in s 
unpatentable over Ij'.S Patent No. 5,698,175 to Hiura ("Hiura") in view of "Single-she!) carbon 

vY!Ot<i\so. 1 r v ^ O r,iO(„ V< t \ f % vp t -, 

VII. ARGUMENTS 

A. Claims 94 and 95 Comply With 35 loS-C. § 112, 1 i 

Examiner has rejected Claim 94 and 95 under 35 US C * !?,<] s , > <. 

wiU thewiM 1 - > , , ! h uf Of; ^ \eUon, at 2. 

The Examiner attends that the instant specification teaches that "[s pie ends or the 
single-wall carbon rsanotubes are open, or closed. However, a combination of open and closed 

\ < 1 ;c : --h — ;v - cation."' Id. 
Vophcm • 0,s - bos, h k\ no? - 

1* Claim 94 

Support for the combination of open and closed nanotubes is tango: m Topic ones m the 

Application, lor example, as cued below. 

Fullerene tubes may be closed at one or both ends with end caps or open at 
one or both ends. 

Application, at 25, n. 16-17. 

Mi x erciis.- cap (c imsph ah 

i o f b 1 1 <. i i a ! a ^ u ( Ot 1 M tKut 

also be open, 

id. at 33, 1/. 24-26. 

v. >< * s ok<. < 1 K s a 

ed , e<j .■h.-.-ve cai he L'henncali> Uc! . , ! < r 
! pi: >set t a h mil 

M s at34£ 11-13, 

Xtcrai'^ c icxnt ^ap- l the Mren >, ^> .kvo <\ - oa> \ 
removed at one or both ends ol the tubes bs shotl exposure to oxidizing 
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. N s v v n , t . k < i t l * M ( ,i em to op,n i 0 vs % 
not etch them back too far, and the resulting open tube ends maybe 
derivattzed using known reaction schemes for the reactive sites at the 
g- aphene sheet edge, 

M, at 34, a 1.7-22. 

In addition, the combinations of end-derivauzed single-wall carbon nanotubes are 
du^rainmah as shev r. e. U>v. 

1 eene e cone such n ceuk-> can he \lso\\ i em lows; 




3i in 



M,af34, /I. 23-25. 

In these three molecules diagrammed in the Application and reproduced above, the 
\cn s iu'J. m )\ 'i , .ke i s l! 

>T h n; i 1 J s , ^ n kjIih > s lis a i ihi t> x 10 t « t 1 <. ' i 

atoms anc avms » « ron bout 5 to about J 000 nm 5 preferably about 5 to about 500 
nnf i.e., the tube section of a single-wall carbon uanotube. Id., at 35, h'. 6-10. Moreover, in 
these three molecules reproduced above, the semi circles are each "a falierene cap thai fits 
perfectly on the cylindrical g.raphene sheet, has at least six pentagons and the remainder 

0_ 1 JiU! M! v > t n k J10"liiljM! MT^Ic-W I 

carbon nanotabe Id., at 35. ■"' 12-15. Hence, the second molecule (11) reproduced above is & 

egomg earned ht met o de^ntxd si specification in 
such a way as to .reasonably convey such subject matter ' one skilled in the art, Therefore, 
Claim 0 S 4 meets the written description requirement and would be understood b) a person skilled 
m the art. 



Applicant : Colbert, si ai. ^ - . x v :^ U irv 

knai! !?0 : 955 
FUed . September 25. 20(8 
Page : 5 o f 17 

A^onl \ oi ilt i 1 !i ik s . Uvi 1 c t ! < 112, 

11. 

2. Claim 95 

Fo he cv.v •> d v s t - Section WiAJ av\c La i >^ j\ ' , % i x< 
description requirement and would be understood by a person skilled in the art. Accordingly, 
( aim >5 also cc nj > i t itis lescrip * t requ emeu vC ^ i < 

B. 35 HI.S.C. § 103(a) Rejections 

The k r ha-, j ,d C oms 81 8x «H 92 and 04 <->5 awu 35 i' s C s- > n j as 
^ni ' v - ^ a , <>, > \u.\> L.t-na In both the first Office Action of March 28, 

2006 ("Office Action") and the Final Office Action of September I I, 2006, ("Final Office 

1 > tCHCCd t 

Mum discloses a method for producing end-dcm-ad/.ed carbon uanoiuhes 

v.t * s „ v.| t i > U< 'i Ul i 1 i t'i i ix> , > , 1 

about 100 carbon atoms; and b) reacting the carbon nanotubes with a compound 
that provides at least one substituent on at. least one of the ends of least a portion 
of the carbon, nanotubes (Abstract). At least one substituent is selected from the 
group consisting of alkyl; acyl; aryl; aralkyl; halogen; substituted thiol; 

v> ed amino; unsuhstitnted amino; hydroxy! (Column 3). 
ede-i vest s arc ini om ned mx. 

Office Action, at 3-4 and Final Office Action, at 3. 

\ ip kji v, - 1 these ivioetioi 

L Claim 84 

Applicant presented arguments in reply to the Office Action and the Final Office Action 
the Amendme der 37 C.F.R, § 1.111, filed J tnt 26 2 1 > K i a 

Amendment Under 37 C.F.R. § I A 16, filed November 13, 2006 ("the U16 Amendment"), 
respectively. 

Its its recent, opinion In KSR Inf'i Co. v. Telefax, Inc., No. 04-1350 (U.S. Apr. 30, 2007). 
c n N t ! > eo <. ( > 1 1 I ctoi^ i < j i) 1 j o d 

§ CiS'it NN . ( " te four factual nquirk aider Gn > \xi 

v - pc ij v ontu t on i i > 
O : vt ' n n» the u t . k,s hmsaas ihe to .a; \v the v. i n: f \ic 



< > g deace of secondars ideratio 

/</. (quoting Grakw v. John Deere, 383 U.S. 1, 17-18, 148 U.S.P.Q. 459, 46? (1966.)). 

>' U t s. ioted the obvioi s.s tu s de shook 

v ^ v, iptdi' m esp * o o <.cfn^ irei- n 1 ^ uu^ c ^3 

^ 4n i v lioion'vi I'l -ir <. (i 5 i i ic claimed.. 

The Court expressly held; 

Obem h v. - = ho necessary . . . to look to iwcnelatod kackmes m multiple p^nis; 
the effects ,k ands > ; < die ksmi on m so . < » the 

i j kground knowl dg possess p t 

. . ' ( i t< vk ilk K 1 s ^ tlp s > Vi f l 

rmwn so combine the known elements in the fashion claimed by the patent at 
s i e , e o. \ ,j luis should he made explicit. 

KSR bn <ip at I \ v. ! i ioi! < 

combination of prior art references;, it remains necessary to identify the reason why a person of 

ordinary skill in the art of the patent would have combined the prior an elements in the manner 

claimed. 

Moreover, there must be a reasonable especial ion of success when combin ing these 
^ n 1 s on nuM be found in the p to an and not based upon 

i i i t V < t J I I (. v. ! v! 

or suggest ail the claim limitations. See MP.E.P. 706.02(1}: see also In re Vaeck 947 P. 2d 488, 

: - I S.P.Q.2d 1 h.U Tee Cii 1991; 

a, There Are Crucial Differences Between Hium And iijima And 
The Claims At Issue 

^ sen p ^ - n- -s, \\ s 5 { scope aid contents dthc an n si be 

determined and the differences between the prioi art and die claims- in- issue must be ascertained. 

■> S [ iii, • > 1 ! * ! 1 

K i t vUU , ' < ' s-. 1 } to U t 1 i I -> J i 

ca ?on narrotubes." Office \ction. at I and Final Office Action, it ; flu fact that the processes 
i s ! muhi-Hidi > i si >i ! xs ! s j ^ •ar-esJx-- ^ 

< N s v s f! m\ i lie < 5 i es-^. i i tn "> > t U ik p'O'k - iddxn i 

> % i snigle-vmii carbon nan n i\ 
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The distinction between single-wall and multi-wall carbon nanotubes is important 
eeausc H-wal! < bon nanotubes are fundamental!) dil'fereni from single- wall carbon 
nanotubes S- n: >. \v>< v t x>n m \ tubes an iclecules of carbon, whik N x»n 

lanotu ses < ! s ft bon Sin carbon rs > i sin layer ol 

^p hxbruh ed «. > i ^vuerad rjiuii at hex ois tn. vnt onw >, v » {v . >> u \ 
n i i s i v i ! ( i 1 u , m t t v f > M S y are 

snore n ^ n a. all carbon 

mombes tlnplc, cshudnca! omcen s arm stod o 

-co ale 1 r^ ins arrangement, me ^on U « I n ^ t uh t iix*- 

can withstand e • 1 de acts, winch often appear as dislocations, kinl holes, edges on the side 

s a* kon <_< \ -o i\ i s n 

layers, multi-wail nanotubes (in comparison to single-wall nanotubes) can withstand much more 
ea ^> ditions and extensive ci sic bond >reakage 

without nanonibe destruction . 

Single-wall carbon nanotubes "rope" together and are held tightly by van der Waals 
forces. As such, single-wall nanotubes are difficult to separate and disperse in other media, 
while multi-wall nanotubes- do not share die same propensity to rope and, as such, are readily 
^ utiwi 1 . % I CNnu.nu.cn cienaes Kt^eej^j 1 u ' >. id r \ v I uiiw, 

V S | ! (. I ki U M i ! v <}„> 

? t i v real conduct eUenuca no and 

chemical stabiliiy. 

\s a revel v. I ■>. the clu i-nrv that can be done w 1 , i quite 

v ffet c a > o 1 sent p ed club _ 

b. There Is No Reasonable Expectation Of Success 
ttiu> y '< - iaches i purification oi multi-wal carbon nanotubes Such 
pusnkatbu o cwoivd out by reacting such uanntnbe-. wjtu lupins ,^sdau\c acids and/or 
on v n _ v tsot <. i ! i i i i , „ i 

s a, e-v a i a a pi vul «. a Hmn, 1 p m \ \ iv.no . L u r ,i \, 

multi-wad carbon nanotubes, typically riddled with defects, results in the breaking of carbon- 
< x j > $ i u a * s o d t u-> j 1 \ a s s ' si c 1 s v < * o 
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Figure 3. However Ku„ .t »\ ikcu u wall stoiettre, the muJti wail nanotubes can withstand 
attack 10 their o . K /\ t si x \ u i > vi s v,oi;kl he mpt m d !v, one ' skid . > f u. 
art, s s th singlc-wai! carbon nanotubes >o \ expex c in 

vc\ U? > o« «v , v» Rfithci than l » < k p o^s o> a <<< f Mu i! 

< itc si i| k wall c mot isoriable to be s v ses w destroy 

them. H>n a k* mMk n i & <n , vshen .on n c -s > icU^a ,i !i'M )( 

s Ui i >(. < 1 Hk<^\ is v< s \s 

Mai- - ii K CXpCCtCL i i 1 a ! lt v [ f t f l N S Csult 

c The Level Of Ordinary Skill In The Pertinent Art Must Be Resolved 
The third Graham -factor is to resolve the k s J <>i on » j% -Kb a he p^ a,! KSR 
'- f s * <• I at - * A«m, 383 U.S. at. 1 18 A person o < 1 ki'i e th, 
Application at the time of the invention would not reasonably have expected the process of 
Hium mmh succeed >r single-wt I carbon nanotubes. Rather, and as noted above, a person of 
ordinary skill in the art would have reasonably believed the Hiura process would destroy the 
single i k ib wh>ch, in luck wa<- a wew that w.s ev^ k v \. , 

the art well aftei 1 t >ublicatk>n Hum and i v 

"PuiuVai'ton of Single -Shell Nanotubes," Adv. Mater., JO, No. 8, 611-613 {.1998) CDujardin'% 
' ( > d as Fxlub Uis rcto 

'V >,<o s\ cs that ' j? was behesee thai miJK n . o oj vk' nanotubes based on 

piul'H!! OMi 1 o s_ u< US' ! to U s >la! Uh W Js Mil v | li 1 illof 

insults \he! 1 na 10 ubes ' Dun ?/, ;U 611. A reason for this was because -gas pha»< oxidat-oia 
^ a v > t ^ v . ' ' 1 t ' ^ 1 * . ! < ) o t a 

e s. ap ' iij- the time ot the ssrventior a pn on e at 

^ i t n v C i K t 1 ' is <• v ! ' h a 5 U ' K \ 1 .v.K-'.ei, 1 

damaged In is seel t cess nl esu M n the breakitig 0 rbon Km bond eneral f 
l vj ^ s ^ vs. sv \\cd\ and tut j , < a of 

His skill iaot iesthcr 1 ^ ^ that, Uuk v t ^ strnctssrc of the 

cark nmo >es j testet in Hiura tin se arbt n k« otubes w i hav< 1 t . ie attack 
to tlvh vvaU );;> er- n<d voukl adi h,»\c icroamed ata^t H.mevej. such person would also Inne 
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expected l Kit the bond sphtt ig tha was >c irrine in the // *cc\-> -a U tune also 

Ti\ s ! old have i been obvious t( oi s s 

i,ioniifxMit/ > tr. Mubcsoi /< i Jkk'vn u > x 

carbon uxrtubes >ne o «dinar> ski in he art wouk ve bee lisc ged I >ply tht 
processes of Mara to the nanotubes of lijima because there would not be a reasonable 
expect m > - ces 

d. Examiner Must Consider The Objective Evidence 

in lo.'i,!, ! u> s ^ ) i > 

X\ slip op., at 2; Graham, 383 U.S. at 17-18. 

L The Examiner Did Not Properly Consider The 
Objective Evidence In The Office Actions 

Nonetheless, >t appears {he Examiner ignores evidence of secondary consideration 

pertaining Dujardin and the statements made therein, because, according to Examiner, these 

statements apply to only gas-phase oxidation of multi-shell nanotubes. i-ma: OH sec Action, at 5. 

This is not so. First of all one of the authors of Dujardin is Prof. T. W. Ebhesen. Dujardin, at 

611. Dr. Ebhesen is also, in fact, a named co-inventor of Hiura. Hiura, at cover page. Hence. 

there can be no dispute that the authors of Dujardin were folly cognizant of the processes 

\ statement. 

t u 1 1 o man m s it v i ' I u \s i CM! 

' « < s t^snpiefoJ 'legged iy\ , c at nt endnotes speehVaih in >.>,'* h particular, at 
i id i 1 ! u ,t >' tK Hants t. u_i v ■> k 1 ^ i u x 

otep e. H W, Ebhesen, K Fanigaki \d\ Maw 1995 7 Set >< ?rr/« tf< 1 

& 613. This reference ("7995 Hiura"), is entitled. "Opening and Purification of Carbon 
Nan t u\ •> ir 'i - 1 \ tut id is unshed at 1 xMbit 15 hereto Phis p kes ch the 

o o %i ' > H <. iuL lu id In 1 V\ f iv\ < i n.t f - <{^o 

c v % V o idaj s h , >ae 4ii k t c -~ \tinc o k xil 

aj > ! pou wdum perma 1 nate > open ng V pun .us u leiied carb >s anoi ibes 7995 

2™5 s ! ^ t i 'v. W << '</ i| p U i h< i Sv 

as pas p!c-.e i-\ ; Paor-ro -si mulii shell uanombes. And therefore, fj;oo>d'<' duveu> -how: that a 
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person of ordinary skill in the art would, not have expected, at the time of the invention, the 
on s *uov application For tha i i dvb denee ck vv« hat even 

the inventors of Hiura would not have expected this result. 

Examiner further asserted that the argument presented by the Applicant was 
'hmpersuasive because the instant process is also carried out by reacting nanoiabes with highly 
i ii Nfae kll Th >r } i 

h Hii ttlL iSai' ^ J M Xo^n > v v I y 

^ i't sal u \v v - , j <. a u n Ln ^ i [ k > > \ n 

- ivvf.Mi e s e t v no i u-vaued result was expected. It is clearly in error to rely on 

V 1 K t < 1" ' d x >M l ' t 5- i U>! cf X, m. I I ! Ul ii O v 1 ! v W< itf t ( Hi 

\ "uno . i <v\uhs" v. . the results of the applied for invention could > used to determine 
what a .person of ordinary skill would have expected, in short, to protect against a hindsight 
^ ! N - ^ 1 ip^t.jiw o« u d ncIos iu l i 1 m t k> juu/ed n s n- a me* 

Accordingly, it is impermissible to rely on the Applicant's disclosure to show the 
invention was expected and the Examiner cannoi ignore the statements made in the art that show 
that a person of ordinary skill in the art would reasonably have been believed that the Hiura 
^ v i o gt na v aibon nanot dvw 

Evidence of unexpected results must be considered by Examiner. M.P.E.P. § 2141; see 

also fa re Smutker, 702 F.2d 989, 996, 217 U.S.P.Q. 1. 7 (Fed. Cir. 1.983). Moreover, such 

evidence " erv; - s t ^unno. agahw la jm, auw a > idiots o1 the siren hud jghf when 

evaluating the prior art. W.L Gore <fe Assoc. v. Oarlock, Inc., 721 F.2d 1540, 1553, 200 

U.S.P.Q. 303, 313 (Feci. Cir. 1983). 

ii, The Examiner Did Not Properly Consider The 
Objective Evidence In The Advisory Action 

In. the Advisory Action having a mailing date of December 6. 2006, ("Advisory Action"), 

v I > , i Mva ui aidn v s is 

ceiled t i i v s ) t { j 

and do not mention preferential oxidation and/or separation using surfactants, it is maintained 

v e i 1 1 s i \ e n c < t venison to eombb \ H 
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and llama to obtain, the instant invention regardless of how 'difficult.' Dujardin believed it to be." 
Advisory Action, at Z 

<• ! ends th Dujardin teaches that c s to e e 1 a t 

walled nanotubes were duecicd i null .n« other techniques originally developed for 
*» Usheli lazxmftes ^4 ! v k il h been ob ws ace k « 

technique of Hiura to end derivative single shelled nanotubes, since Hiura was a technique 
k'>\» - - ' . i nuotubes " Id. 

Kc^Uk' > . < I . t ^ , ! e ! 4 s in the Adwso. \ ^ \, ^ < ^ i at the 
; v s i >e s s . . \t i!iv ^ -tak.jeno 

t" Dujardin behe\ed tb< [xnUlcab 4-sk 
ac t \s«Uv 1 n i it< e d vitnn u.4 ^ f s n j ■* m s m i 

mukisheil nanotubes, Applicant contends that there is no requirement that claims of the instant 
invention recite any particular type of Jemau/atjou such a- xow t ^-netson and/or 
separation 

Seco ( contc jtion that "Af>./></ > . av. ><. - I < < - to end 

derivative single walled nanotubes were directed at modifying othei uxlr oi u i 
developed for muitishe! nanotubes." (Id.), the Examiner apparent!} misread the state , i in 
Dujardin, which slates "So efforts have been directed at modifCee . techniques o.,e n h 
developed o mukisshell nanotubes (Dujardin at 611 Col I, pat 2) Fhe efforts' efer to 

f W ' 1 < <<>><>{ s \Ui I 1 i 

M0| uated *< th this statement and tr< direen t purification 

ohniqn it do n o ud oi ieri tizatio? as kind id no eference |9J 
refers to Tohji, iV oi., "Purification Procedure for Single-Wall Carbon Nanotubes." ./. Pkys\ 
Chem. S 1997, 10 i. .19744978, CTohjC'n and end note reference [10] refers to "Purification of 
Single-Wail Carbo? \hurylv s Mk ofM't i n Kiuhln* e» a I / /4>r< *< H 1997, 
101. 8839 8842 47 4 » "> I ike & mf»/H 744 docs not teach am de; va anon «t oxidation 
^ Ui ^4 e, ' ! k >vn V; - , 4 I n< k » 

i "> > v i < i <> 4 ! s. >s<_ . , n j ^ 

has not been established for Claim 84, this Claim cannot be held obvious under 35 U.S.C. 
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2. Claim 8S 

For me reasons discussed in Section Vil.B.i above, a prima jack case of ob viousness has 
not he< ■ ,>vi| Cur 85. Therefore, this Claim cannot be held obvious under 35 

U.S.C. § 103(a). 

3, Claim 93 

Fo ! t e son discu se in Section VILBJ. abo < prima fack case « bvto snes has 
»ot been established for Claim 91. Therefore, this Claim cannot be held obvious under 35 
U S.C. | 103(a). 

4< Claim 92 

For ihe reasons discussed in Section YILB.i above, a prima facie case of obviousness has 
not been established for Claim 92. Therefore, this Claim cannot be held obvious under 35 
U.S.C, § 103(a). 

Si Claim 94 

For the reasons discussed in Section VILB. I above, a prima facie case of obviousness has 
not been established for Claim 94. Therefore, this Claim cannot be held obvious under 35 
U.S.C. § 103(a). 

& Claim 95 

Forth* , discussed in Section Vli.B above prim < k case of >bviousnes has 
no? been established for Claim 95. Therefore, this Claim cannot be held obvious under 35 
U.S.C. § 103(a). 
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CLAIMS APPEND LX 

84. i being end-derivatked m i - yes g the 
steps of; 

&> providing a plurality of single-wall carbon, nanotuhes; and 
b) reacting the single-wall i.a bun u j 

* v' vii , . v' i <c V ,rx o* the ends of at least a mi! < ^ » n % v t- '.r 

nanotnbes. 

85. The method of claim 84 wherein the at least one subsutuent is selected from the group: 
consisting of alky!; aeyl; aryl; aralkyl; halogen; substituted thiol; unsubstituted thiol; substituted 
amiao; unsnhM-inicd amino; hydroxy; and OR \ wherein R' is selected from the group consisting 
of alkyl acyi aryL aralkyl halogen, substituted thiol; imsubstuuted thiol; substituted amino; 
unsubstituted amino, a linear carbon chain and a cyclic carbon chain and wherein the linear 
carbon chain t ... bon chah or both m (a) optionally interrupted wUh one or more 
KiuatM i » \ <_d with one or more -O, or -S, hydroxy, an aminoalkyl 
^ rrug as ammv sK i I os a vpi tl el 2 8 amino acids. 

91, u > t^tti < u u s 

steps of: 

a) providing a plurality of single-wall carbon nanolubes, wherein the carbon 
nanotnbes comprise at least about 100 carbon atoms; and 

v. n i ^ vail < il^ >i noiubes wib camp < at pn 
ic Mi'^'o ooai .as o >e <» a i , <m i k b a p > u> {Ik > e^ u x>u 
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92. j ie methoc claim 91 wherein the a* least one subst at ss leeled <>m fj « group 

m _ 1-1 lk>gCt s ^U'Uk C* s l! , o* sf<o 

amino; uns«bstkute< ammo; hydroxy; and OR", wh< en R selec d > i die < p insisting 
aralk halogen, sub«hnucd ihioj. unsuh ? s:u n ^ nino 
c tK>is shasr and a v n e. ic ■> i i k 

carbon chain, ihe cyclic carbon chain, or both are (a) optionally interrupted with one or more 
heteroatom and (b) optionally substituted with one or more -O, or =S, hydroxy, an animoalky! 
group, an amino acid, or a peptide of 2-8 amino acids, 

94 The method of claim 84, wherein the ends of the single-wall carbon nanotubes are open, 
closed, or a combination thereof. 

95. The method ol chum 91, wherein die ends of the single-wall carbon n, ,v • , 
v ^ r thereof. 
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rifkatioo <ii Carbon N»»otub«s m 



Larboo nano-ubes eat; be ihoughi of as cyhnbrasa; 
cp ». :\n<. I'sif.'.'rv,. wp h : )- r<et • v \ - are 

>«c;cd ;;;t;ac s - (t k 

a;-rfa;teb«, can be ;n.ade a; g;u;r:ooder5 osirpg the carbon are 
discharge synthesis nseihod.-- - ;: However, the ertids iarnpie 
cocoons - only oouotoixrs bur aiso aaaoparticies with :■ 
ive;.g;n ratio of about 2: s in the beat cases. Therefore the 
sa&otuta must be further purified in order to investigate 

Recently we report;;;? the psaxheauoo of aanotobes by 
,,1 .i ' ^ \ , v v •* U- : 

das process the ;saiuopar;.a.»o are ccasiooed raoie runidiy 
Stria i: 

t e . m 

phase oxidatioo process;. To Ovcrcoose Pes problem, we have 
investigated the isquid-phtist; oxidation of the crude nan* 
otobe sarn pies aud foood: that under suitabfc coaduions high 
vends of opened porobed oanoiubca can be obtained. 

; a this pope; we describe this me > hod which gives yields of 
the ofdei'of T; T> tiope-sdiop oo fhe cooioosrtiot; of the erode 
saovpie This mettsod ; .s very esebb to oboes; prano-p can tides 
of purified oanotabes a; one osec under oeii-eoniro'.ied con- 



lotion ieferreci So earii- 
■oap oxidants, seen as 



^ >t it o-i^'O ,d jo 
u;d the ohianica] attack 



Vp . 19.8 g-0.3 v o e.,v r to; 

tt v s ; 

^v - x s 

v eoih ■ c t s o -..too. :,:ceo,. -Pos: 

g'" - ^ P 

\ n 0'. o at t, s ! ( % ! v 
at :' hoars. The tmxuosr o Too uxbed and 
Gd > thier (pore srae -0 Tb ^ > . 
w;;h pure water aad then with concerns 
acid to remove she manaanesebV) oriole 
oriepcai psna^ioro p;:rrnaapaiia;e) Sobers 

-O V 

>. ! n , i b <„0 . ) 

t! t bes eeSCJ I.ad v. < r 

hours. 

The yield of the ponded naaaiubss is ai 
o! v >od ev<- ght d ^ - s tis; 
.shows the T'bbs naaures o? she sarople be 
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x i s \ e iv. x ooe 

* v - v n she 

ssrnpie due n ; s eos cess. Micro 

^ f * 1 H%>fxd v >o , t - 5 v. i 

<_ \ t v * „c " s r v 

This shoakl he eardby norao/ad by treating the saa-aTe with 

not be higher than rho an:ou:-i of sanely b«s ir; the orgdooh 
. saropie. Therefore -as accessary ^ of potaasiara 
»erre.->.;;ganal« aotb pespoet to bia: sea-hog rr;a<er>a< a- est bo 
beaded t;; the wesg > oh n o< motive 
in J He sarnpie. 

h " , - X V S >\ & 

ooasar ratio a. aroorid 0,1 (he nariouboes hegar Pa opened and 
the aariop.u sa.Tr \ lv i v due to reaction a; the edges. 
vVfieii dee nrabor ratio is aboa; Pi dor riaoorabes irt puri- 
lld. However if she excess farther increased (eg. old tiie 

- . S V > , 1 

The s,. oo . , a. ,u to roe , dap orrdauon star;:; t the 
tips >.::!' :b. ; . acovraabes g i: a beea shown elae whore. ;s ' >; This 

! p whsch stii bcs its rssistion 

The panbocUaan process therefore ah;o opens the r : .i;i- 
otubes of! a large scale. This wiii bo «$«fai for doing 
' >a m. ^ v \- s > v s ,e& s.f The naa- 

aoabee saves wo isavs Ta-wo siraroTurre -ha! bury arc wsoabie 
>\ >■ , > . > >v,-t process 

t ' ^ ^t . ^ 10 N 

j .-is 

; u . ; a: a a read-; ri i Tee. : e ' properties. To check ,o 
srry rippsh'ioao:. eaarnnab o : od;hea:;or;. the - i «d n 

k-s were analysed by X?S ro< \ The deuilled reseda 
^ ihc XPb analysis abb be descrhord ehevehereb^ 

hrgraed saows the posk- separated dilTerenee TPS spec- 
oaur, of rbe paaalal oaraaobsa. arooad .15 el gp^ ma i !S 



oasiy r:;a,;gaer; P.:> ;he: 



composed ofihroe peabs, esdrTh are arTgoed lo the v crb 
s s s a , i 

reas xaroord of -a 

groups as a:da:ated or bbjarre p. C;eady ; ao- eady the tare; bar 
also She sorTrcs of da; outer Tver is e-ova-'eri with these spe- 
o;es The presarare oibbiose aydropariie graaig ;s aobeesbio a: 
rhai iho p.. disperse rsraeh re xe casdy in 

Aoier rhar; l.he orig-oa; oraipie. 

:p. eoo<ria;aor;. wo aave preseared r: o.aip;a aaethoei to oi>- 
e - - eh vbtch 
o icir aoeu.ooc ; orb chara< era' r r ; 

Vv OO: _ s v j 

opoos Che way i'or fo;aa i; a ehe-raaab decaaaitsoa sad aiodiiTa;- 
" O ~ , »P>t a u < *< v ^ "> 

minie-lc systems. v^.,^. ty^t i m- 
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a Glassy DiscolscTwIji** 

s , „ , w t , , 

/.:Tras- //a-;ba ! ;op. Wxlj'gtjng /aradaa. Sroaai'.o.T.oieyep 
Kari-Heim fiubach. Hi-hnn /aop.vraar. a. ad 
?:.*or;c/ ; ;/.;«<-d 

Ttroeioeir-ooio rbargraearrieT arohiaoes ol' organic ayraerra 
are rraiiaiy deiero N c ecui 
nei po.cki.as of fhe overlap oi 

~ a v v. i ^ s. olter; roars anportaoS thao the 



Farlfkatioft Procedure for Single- Walled Nanotubss 

K, T»W H. TakaiiasljS, Y. SMeoif s, N. Shftnfctt, B. Jeyattevas , and I. P*is»oks 
qf Gxostiexce and Technology, Takoka Umveri&r, Seiidai, Japtm 

[ 0 - , - u ^ , i > - t ■■ i ' 

' A. Kas»va, S. Ito, and ¥„ Nisfrtna 

<;<v;vi.'-v;.' September ;P, In Fixe! Farm: December 3, iaya* 



A puriSkafwo proeerfute or singie-waiSsd na: tab^t ;>;•- ertted o this report -V «•-•.••; puriftes^ttK&og 
that iriOTrpofwe;; ;he t, r i ^ t t a : 0fl g , J i , „ such as : \: i •.; of t-titerertss sa:d 
oxidation and dissolution of metal particles is csad ir> rhi m Bern of ea t t t f aikm 

, wo\ is s so d'stu^cd by characterizing the nter j ' < i ottos; Pjtr - 

spoctsosccrjy. scanraag •.'•:•> a oik-rost-rt^v, arid transsnisssan eiecfrvrs tni c; osc> ;py. 



fntro&ictiwi 

; 5 v y3o-ws" sd nsfsui *>c< (S % NT s i 

' j 1 e t i i ( 

have txssn fc&tljr pt»stMw}.*~ !} ShrraSSe} to fee efforts, tfteoreti- 
«<*»s have introduced a sew coordijiatc system to define their 

a < mpt t^tcj tiem to fee 

c:!>c--dira;::;ssaa^ v^iiJi-fe;:; i r f t 

K eirctsodes mixed with 
revcrxi snetaffcc specks, i i > trissstt«>» metais such 

sNi ' 5 radi SJi ThcSW (5 s incite* 

< carton sad otb 
ia>pisrit restjj s« tmpedtraeni to det&desj 

sfearsctena&ikn of &e nartosiibss and assessment of their 
jsstestiaS utthfy. 

,j - i (i 5 - Ted th« fR.viJ 

j i ■> - > 1A 

treatmerd a ag with * a« at «j ? r the sxistttiea of 
faJieim. wwJ oxi i < J-ioo of m«wj partkks As 

a rcs«8, si fcast 2& !r : s; af .SWNTs w th 95 w t % purity is 
<*<aawJi • ■ ' ■«! i s of saw sect. 5a the hydn^termal trwlwsnt 
hyd ! . , -t ! 

harv,.^ SSVsiu ^ sjjiwehw^s ^ r a !5 <i jsictai parriclcs a»d 

iSic j;«rifjcat!oo or»>;«ss, "}1»b feyprcdaws that coexist with 
SWNTs <n fee la arr «:jjwe4 i ! step of the jstunficauon 

j it i 

jjftfce^ . . -is c - 's <. i sic prod^ts 

^ ^ 1 ^ . >af, a,' »i» 

^i-tarr,® <. i ^ (SriM), sa-S v ^ ^ eiec^r, ira«t^- 

Ex 5>e cssoe ato i Secjfe n 

i'rtf^if ativn «j SWNTs. 5 >:<: a;ethwi empwywi to syisfetsM 
SWNTs is sasne as "das smoteyed «« syntheske for 



faaahiaa > i conumteg a < ' : : a i.att N : i t 1 

j»si gr^d it r s - . s 

->«ghiy i:i:i"hy weiphs. T-aai axiai conisa; m the anode'is 

v ><< % . M, • • 1 
in dq^s was drdied eaa i'rofa a grsphits roi i;a;.99e% p-^aa.y, 
100 1 i id S ittis j d torn Toshiba 

Ci»»«s Co. Ltd, Japan, and ftiied W5* 3 mtxtuse of tnetai 
grajdsitc ptjwskn. A pure graph;;!; tod of i0 mm m 
diameter was used as wUtoce. Ihts arc discharge was casrred 
o«{ under a He stojosphera of iW Tan. TSw dfaeharge c;ur^ef 
was 70 *, " 

electrodes was jnaiBtained 5t abaa! ; rara by raa;nasiiy advtax- 
ing the constats ed- Btsotte. 

Purmcatioo of SWNTs. The soot pre^jeed by DC aw 
fechsrgc »'i> r « * > i tet i 1 v n , 

chamber a»J. homogeaiaed. in the HK>K ttestmeot, iisec as 
th * i * p ■> i trad , tg of the soot 

eontaiBtBE SWKri v,as jntraKhiced " - - - > ; 
attaehjiiesjt l«geil»tr «tii; 50 ml. of dtsdtied «; : ;ar and was 
hstated at 373 K for 12 b, H» soot was dismtsgrst&i m 

sebrraerars-iTsed paiticte;. The g > t c seoi n fiitersd rosd 
dried at 333 K far 52 h. rb«a, failereses were wsahed o«t 
as ing toiuene in s Soxblet. Ths resssJasi scsa; was besied at 
74;; K for 2<i mitt. ;« the fw; • : teg of a.r- pt»if:Mj«sf! process, 
Use cot wjs trcts > i &oehfork r 5 ss ! "< t ' 
die metaJ cumpieXBS were wasiwd out. 

EvalttatioE of the Penfieafittss Proeeduc 6 arid Character' 
sasrion of Purified SWNTs. The purificaxton :.>rocede:e of 
SWNTs was prof -< he pari tied a \7 

were chasnctertsed hy IBM u R&wao t s t snd 1 
orfaee were roe ' xi 

JTCKhwt at fee:: per: dcatice sup «-as dispelled is ediasrei, 
seittie.jtrd fer S mi::, deporiffsd on a $a»;pS« stage, araS reserved 
in s. SEM operated at 5 kcV. XRD patterns were raiea hy a 
f t ' for 

TivM efcsetvsiic:;, <}st ir~ wia tdfrasv?e<:agy „ » f 
vd;;:ra>: and the so.<^»utort was yjetppeai ae.us s-friferogntt Tix: 
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v / a, n ' 

configaratSoK, T?se sorSsee area of SWNTas was obtained from 

UJC \ i J 1 If t t 

Lat? ! j' »e*3)s )n the purified 

SWNT as *;s csJsrf > s nalysis using the 

snductivsiy «™tore plasma method (JCP}. 

Kssarts »ssd i)fcissto>R 

Ps*s1Jsc»t}<>rt Processes for SWfTs. to the saw soot 
a*>rf to . ft many bvprod- 

ji jtphoas ear- 

k>n. 5 -'^ Therefore. S iVN'.!'; save to be separated step by swp 
m fce patokstox; pnr-.esr.e-i. 

. • VP - <*tf-r 
> i» s^v .. T to ! l * the SWTTs 

v >• ' SiXl 

8) Ftgsr ' da tai particles are 

rounded j srem-d i s; s <\ :\<rs& carbon and 

- 0 ~o h <r > 

sieod* , e mcdruto^rrc ;a TV XXD 

v e\e cp! for the 

tisewsss in the iateissfey oi'Ste >J02 pesk of graphite compared 
to tl»s ef the 802 prsafc sa Pigww lb. This ■ suggests that the 
graphite particles and am«sxjf>».« «\ adsorbed an \ 1 i 
»erc p»tiy removes' as a wsoi: wffts HIDE treatment. 




i, ri 1 I , >» 

sydrathettsaUy (rented soe-i. 

The soot . '< | i8vw% 

sf felii-Tcw It sr. he extract 

with oigsctifc s«Syw.it suefe ss tolaene. be'awae, or CSj. It has 
bora scafif.-:- , i' jjt.j 

extracted easily m iohicne : ". a Soxhitt by earrt sag «3 the ttfDB 
tfcatrnentpriortotlseextfactiofibvvxg^i,, tons! ~'' ! tv»tog 
.SoxhletsxSj... 

in toluene, die h ! > e ' - hspervrd dad 

removed firw» fee soot. 

After the above treatstn > - ; *>f was teB wify 

trf& SVWTs and metal particles wrapped wife a feiefc. amor* 
p-bous car boo iayer The metsi particle? barely dissolved in acid. 
Therefore, the residua) soot was baked a"- 743 K to air for 20 

> j 'r v i' » • , , 

ayerarr-und ki Jparticie ssd nakst i v si 
maeid 

by about 40%. Figaro 3bp. we tbe tntpandwJ portfeas of toe 
kfr a»d right j>srt t>f Figure 3s. as set* in Figure 3, SWKTs 
e < g sIk 

<: wst <J baking hi XRD • " i'fce >«rf oot ;k s« 
«* 4 r >,!•■- 

oxides KiO sad «-fejO> At fee same tasus, fwnaiaBtg 
1 T r >"<JJ-'> to«» to tf wb r«< 5 f 1 r ' 

t" *s : .i v ^ r i t J 

and the rer ^ >. ^ ' > j t s I - r <. u 

psrticfes are isoiassd from each «b«r aad torn; r.i-pamfc 
grcgat k>« J ".r: i j" L" • t ;,■<■! >t - 
ifi t }. st ' i h \ ' dtK to !he rrerrensf; I" tor ! i 
t - . - i tl . 1 ' fissdt of Use 



«ig-.;rs :j. {Tap, iiiiM pf-oiogixpi, <sf & 
;tv:«-ia!Sy biased, wk-ser s>,tia-:!sd, jjrf h 
aid ;:.x;tta:i r.gfe; S-.e Mr>sj;ifc;! ;x..;t;< 
of (wo), jespeesh.-sly 
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iis csibon on the baking trestoent This 

f CIS > > 1 1 0, 

vvasfting wish tehiess. Wife the Sinai treatment using (? M 
fcyt&oehioria acui, sfcasst ail i t •>' t u *h:ch fcsmtii 
> f J v. .» v 's are washed cut 

j N < * s T s ' 1 

purity SWNTs Sf* se?«yated is; Sarge quaatstfes. However, if 
ws csisfeiiy obssws ibe 8BM photographs, we eouM find whtte 
->f about 28 »m i» <5isjsr>s<ar. To awsstigate this in detail, 
fee strop}* usee for the SEM obseratKBj was ebe-keii hy high 
ftsoia-.V ^ - ! rem i ■ • ib VI 1 < 

yfeoia-grsi.fe of ifce porffoR where )«»»>< mctei policies exist. 

n Is seen iSrat S» psstieies. are 
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